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PROVIDING MOBILE AD HOC
COOPERATIVE COMMUNICATION
SYSTEMS AND RELATED DEVICES FOR
VEHICLE-TO-VEHICLE COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The instant application 1s a continuation of, and claims
priority to, U.S. patent application Ser. No. 13/606,144, filed
Sep. 7, 2012. U.S. patent application Ser. No. 13/606,144 1s
a continuation of, and claims priority to, U.S. patent appli-
cation Ser. No. 12/885,996, filed Sep. 20, 2010, which 1ssued
on Oct. 2, 2012, with U.S. Pat. No. 8,280,308. U.S. patent
application Ser. No. 12/885,996 1s a continuation of, and

claims priority to, U.S. patent application Ser. No. 11/548,
821 filed Oct. 12, 2006, which 1ssued on Oct. 26, 2010, with

U.S. Pat. No. 7,822,384, U.S. patent application Ser. No.
13/606,144 1s 1incorporated by reference heremn in 1ts
entirety. U.S. patent application Ser. No. 12/885,996 1s
incorporated by reference herein in its entirety. U.S. patent
application Ser. No. 11/548,821 1s incorporated by reference
herein 1n its entirety. U.S. Pat. No. 7,822,384 1s incorporated
by reference herein 1n its entirety. U.S. Pat. No. 8,280,308 1s
incorporated by reference herein 1n 1ts entirety.

TECHNICAL FIELD

The present mmvention relates to communications net-
works, and more particularly, to mobile ad hoc networks and
related devices.

BACKGROUND

Wireless network topologies that enable wireless nodes
(1.e., wireless terminals and/or other mobile electronic
devices) to communicate with each other and with fixed
networks generally fall into two categories: 1) infrastructure-
based and 1) infrastructureless. Infrastructure-based net-
works may be based on the cellular concept, and thus, may
require a relatively high level of infrastructure support. More
particularly, 1n an infrastructure-based network, the wireless
nodes may communicate through access points (e.g., base
stations) connected to the fixed network (e.g., Internet).
Typical infrastructure based networks may include GSM
networks, UMTS networks, CDMA networks, WLL net-
works, WLAN, and the like.

In an infrastructureless network, the wireless nodes may
communicate directly, rather than through access points or
other base stations. One common and increasingly popular
infrastructureless network topology 1s the mobile ad hoc
network (MANET). A MANET may include a group of
wireless nodes that dynamically form a network with each
other and without using a pre-existing fixed network infra-
structure. In some cases, wireless nodes of a MANET may
be small mobile devices that are relatively limited 1n term of
CPU capability, memory size, and power consumption. For
example, cell phones may be equipped with IEEE-802.11
and other wireless LAN technologies to create mobile ad
hoc networks.

As noted above, a mobile ad hoc network (MANET) can
be set up without using a pre-existing network infrastruc-
ture. As such, the wireless nodes of a MANET may be
connected by wireless links, and may be free to move
randomly. The wireless nodes may also act as routers. A
MANET may support traflic types that are different from the
traflic types typically found in an infrastructure-based wire-
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less network. For example, MANET ftrailic types may
include: 1) peer-to-peer traflic; 2) remote-to-remote traflic;

and 3) dynamic tratlic. In peer-to-peer traflic, there may be
only one connection, or “hop”, between the communicating
wireless nodes (1.e., the nodes may be 1n direct communi-
cation). As such, the network traflic between the nodes (in
bits/second) may usually be constant. In remote-to remote
traflic, there may be two or more hops between communi-
cating wireless nodes, but a stable route may be maintained
between the source and destination nodes. Remote-to-re-
mote traflic routing may be used when several nodes remain
within range of each other in one area and/or when the nodes
move as a group. For dynamic traflic, the communication
routes may frequently require reconstruction, as the wireless
nodes of the MANET may move around at random. Accord-
ingly, 1n dynamic traflic routing, each node 1n the MANET
may be required to be aware of changes to the MANET due
to entry, departure, and/or movement of the nodes, which
may require imncreased bandwidth, power, and/or complexity.

SUMMARY

According to some embodiments of the present invention,
a method of operating a mobile electronic device includes
detecting a second mobile electronic device within a prede-
termined distance of a first mobile electronic device, and
determining a spatial relationship of the second mobile
clectronic device relative to the first mobile electronic
device. In some embodiments, the spatial relationship may
be determined based on a signal provided by the second
mobile electronic device. In other embodiments, the spatial
relationship may be determined based on a signal provided
by the first mobile electronic device. An ad hoc wireless
connection may be established with the second mobile
clectronic device based on the determined spatial relation-
ship.

In some embodiments, a traveling vector may be deter-
mined for the second mobile electronic device based on a
signal provided by the second mobile electronic device, The
traveling vector may be determined based on changes in a
received signal strength of the signal, changes 1n perceived
frequency and/or wavelength of the signal, and/or using a
directional antenna array. The traveling vector may indicate
the speed, distance, direction of movement, and/or the
position of the second mobile electronic device relative to
the first mobile electronic device. As such, the ad hoc
wireless connection with the second mobile electronic
device may be established based on the determined traveling
vector.

In other embodiments, data may be transmitted to the
second mobile electronic device over the ad hoc wireless
connection based on the determined spatial relationship.
Also, data may be requested from the second mobile elec-
tronic device based on the determined spatial relationship.

In some embodiments, vehicle dynamics data may be
transmitted to the second mobile electronics device based on
the determined spatial relationship. For example, the deter-
mined spatial relationship may indicate that the second
mobile electronic device 1s traveling 1n a same direction as
the first mobile electronic device. As such, vehicle speed
data associated with the first mobile electronic device may
be transmitted to the second mobile electronic device over
the ad hoc wireless connection.

In other embodiments, the determined spatial relationship
may 1indicate that the second mobile electronic device 1s
traveling behind the first mobile electronic device 1n a same
direction as the first mobile electronic device. Accordingly,
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vehicle braking and/or stability data associated with the first
mobile electronic device may be transmitted to the second
mobile electronic device over the ad hoc wireless connec-
tion.

In some embodiments, the determined spatial relationship
may 1indicate that the second mobile electronic device 1s
traveling adjacent to the first mobile electronic device. As
such, vehicular lane-change data associated with the first
mobile electronic device may be transmitted to the second
mobile electronic device over the ad hoc wireless connec-
tion.

In other embodiments, the determined spatial relationship
may 1indicate that the second mobile electronic device 1s
approaching the first mobile electronic device and traveling
in an opposite direction as the first mobile electronic device.
Accordingly, turn signal data associated with the first mobile
clectronic device may be transmitted to the second mobile
electronic device over the ad hoc wireless connection.

In some embodiments, data from the second mobile
clectronic device may be received over the ad hoc wireless
connection based on the determined spatial relationship.

In other embodiments, vehicle dynamics data for a
vehicle associated with the second mobile electronics device
may be received from the second mobile electronics device
based on the determined spatial relationship. In addition, a
control signal may be provided to alter vehicle speed,
direction of travel, and/or safety systems of a vehicle asso-
ciated with the first mobile electronics device based on the
received vehicle dynamics data for the vehicle associated
with the second mobile electronic device. For example, the
control signal may be provided to avoid a collision with the
vehicle associated with the second mobile electronic device
and/or to provide a cooperative cruise-control function.

In some embodiments, the determined spatial relationship
may 1ndicate that the second mobile electronic device 1s in
front of and/or adjacent to the first mobile electronic device.
As such, vehicle braking, stability, and/or lane-change data
for a vehicle associated with the second mobile electronic
device may be received over the ad hoc wireless connection.
In addition, a visible and/or audible alert signal may be
provided responsive to receiving the vehicle dynamics data
for the vehicle associated with the second mobile electronic
device.

In other embodiments, the determined spatial relationship
may 1indicate that the second mobile electronic device 1s
traveling 1n a same direction as the first mobile electronic
device. Accordingly, vehicle speed data for a vehicle asso-
ciated with the second mobile electronic device may be
received over the ad hoc wireless connection. In addition, u
control signal may be provided to alter a vehicle speed of a
vehicle associated with the first mobile electronic device
based on the vehicle speed data associated with the second
mobile electronic device.

In some embodiments, a third mobile electronic device
may be detected within the predetermined distance of the
first mobile electronic device, and a spatial relationship of
the third mobile electronic device relative to the first mobile
clectronic device may be determined. A second ad hoc
wireless connection may be established with the third
mobile electronic device based on the determined spatial
relationship thereto.

In other embodiments, first data may be transmitted to the
second mobile electronic device over the first ad hoc wire-
less connection based on the determined spatial relationship
thereto. Also, second data may be transmitted to the third
mobile electronic device over the second ad hoc wireless
connection based on the determined spatial relationship
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thereto. In addition, the first and second data may be first and
second data packets corresponding to a data file, and the first
and second data packets may be transmitted in parallel to
provide increased transmission bandwidth.

In some embodiments, data may be received from the
third mobile electronic device over the second ad hoc
wireless connection based on the determined spatial rela-
tionship to the third mobile electronic device. The data may
be relayed to the second mobile electronic device over the
first ad hoc wireless connection based on the determined
spatial relationship to the second mobile electronic device.

In other embodiments, the data received {from the third
mobile electronics device may be vehicle dynamics data for
a vehicle associated with the third mobile electronic device.
The recerved vehicle dynamics data may be aggregated with
vehicle dynamics data for a vehicle associated with the first
mobile electronic device to provide aggregate vehicle data.
The aggregate vehicle data may be relayed to the second
mobile electronic device over the first ad hoc wireless
connection.

In some embodiments, data including addressing infor-
mation for a destination device may be received at the first
mobile electronic device. The ad hoc wireless connection
with the second mobile electronic device may be established
based on the determined spatial relationship indicating a
location of the second mobile electronic device relative to a
location of the destination device specified by addressing
information.

In other embodiments, a wireless connection may be
established with a fixed network access point. Data may be
relayed between the fixed network access point and the
second mobile electronic device over the wireless data
connection and the ad hoc wireless data connection. A
location of the first mobile electronic device may also be
determined by an authorized party based on a location of the
fixed access point.

In some embodiments, either the ad hoc wireless connec-
tion with the second mobile electronic device or a wireless
connection with a fixed network access point may be estab-
lished based on current network conditions. In addition, a
PLMN connection with a fixed network access point (such
as a cellular base station transceiver) or an ad hoc wireless
connection with a fixed network access point (such as a

Wi-F1 hotspot) may be selectively established based on
current network conditions.

According to other embodiments of the present invention,
a mobile electronic device includes a controller and a
wireless transceiver coupled to the controller. The controller
1s configured to detect at least one other mobile electronic
device within a predetermined distance of the mobile elec-
tronic device, and 1s configured to determine a spatial
relationship of the at least one other mobile electronic device
relative to the mobile electronic device. The wireless trans-
ceiver 1s configured to establish an ad hoc wireless connec-
tion with the at least one other mobile electronic device
based on the determined spatial relationship.

Other methods, systems, devices, and/or computer pro-
gram products according to other embodiments of the inven-
tion will become apparent to one with skill in the art upon
review ol the following drawings and detailed description. It
1s intended that all such additional methods, systems,
devices, and/or computer program products, as well as any
combination of the above embodiments, be included within
this description, be within the scope of the present invention,
and be protected by the accompanying claims.
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BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1s a block diagram illustrating a mobile ad hoc
cooperative commumnication system and related devices
according to some embodiments of the present invention.

FIG. 2 1s a block diagram illustrating a mobile ad hoc
cooperative communication system and related devices
according to other embodiments of the present invention.

FIG. 3 15 a block diagram 1llustrating a mobile electronic
device configured to be used with mobile ad hoc cooperative
communication systems according to some embodiments of
the present ivention.

FIGS. 4 and § are tlowcharts illustrating exemplary opera-
tions that may be performed by mobile electronic devices in
mobile ad hoc cooperative communication systems accord-
ing to some embodiments of the present imvention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Specific exemplary embodiments of the invention will
now be described with reference to the accompanying
drawings. This mvention may, however, be embodied 1n
many different forms and should not be construed as limited
to the embodiments set forth therein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the
invention to those skilled 1n the art. The terminology used 1n
the detailed description of the particular exemplary embodi-
ments 1llustrated i the accompanying drawings i1s not
intended to be limiting of the invention. In the drawings, like
numbers refer to like elements.

As used herein, the singular forms “a,” “an,” and “the” are
intended to iclude the plural forms as well, unless expressly
stated otherwise. It will be further understood that the terms
“includes,” “comprises,” “including,” and/or “comprising,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof. It will be
understood that when an element 1s referred to as being
“connected” or “coupled” to another element, 1t can be
directly connected or coupled to the other element or inter-
vening elements may be present. Furthermore, “connected”
or “coupled” as used herein may include wirelessly con-
nected or coupled. As used herein, the term “and/or includes
any and all combinations of one or more of the associated
listed 1tems.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first mobile electronic device could be termed a
second mobile electronic device, and, similarly, a second
mobile electronic device could be termed a first mobile
clectronic device without departing from the teachings of the
disclosure.

The present mnvention 1s described hereinaiter with refer-
ence to flowchart and/or block diagram illustrations of
systems, methods, and computer program products 1n accor-
dance with some embodiments of the invention. These
flowchart and/or block diagrams further illustrate exemplary
operations of the system and device architectures of FIGS.
1 to 5. It will be understood that each block of the flowchart
and/or block diagram illustrations, and combinations of
blocks 1n the flowchart and/or block diagram illustrations,
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6

may be implemented by computer program instructions
and/or hardware operations. These computer program
istructions may be provided to a processor of a general
purpose computer, a special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing the
functions specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored
in a computer usable or computer-readable memory that
may direct a computer or other programmable data process-
ing apparatus to function in a particular manner, such that
the 1nstructions stored in the computer usable or computer-
readable memory produce an article of manufacture includ-
ing mstructions that implement the function specified in the
flowchart and/or block diagram block or blocks.

The computer-usable or computer-readable medium may
be, for example but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device. More specific examples (a nonexhaus-
tive list) of the computer-readable medium would include
the following: a portable computer diskette, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), and a compact disc read-only memory (CD-
ROM). Note that the computer-usable or computer-readable
medium could even be paper or another suitable medium
upon which the program 1s printed, as the program can be
clectronically captured, via, for instance, optical scanning of
the paper or other medium, then compiled, interpreted, or
otherwise processed 1n a suitable manner, 1f necessary, and
then stored 1n a computer memory.

The computer program instructions may also be loaded
onto a computer or other programmable data processing
apparatus to cause a series of operational steps to be per-
formed on the computer or other programmable apparatus to
produce a computer implemented process such that the
instructions that execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions specified in the flowchart and/or block diagram block
or blocks.

Computer program code for carryving out operations of
systems, methods, and computer program products accord-
ing to some embodiments of the present invention discussed
below may be written 1n a high level programming language,
such as C or C++, for development convenience. In addition,
computer program code for carrying out operations of
embodiments of the present invention may also be written 1n
other programming languages, such as, but not limited to,
interpreted languages. Some modules or routines may be
written 1n assembly language or even micro-code to enhance
performance and/or memory usage. It will be further appre-
ciated that the functionality of any or all of the program
nodules may also be implemented using discrete hardware
components, one or more application specific integrated
circuits (ASICs), or a programmed digital signal processor
or microcontroller.

As used herein, the term “mobile electronic device” may
include any device that 1s capable of receiving and display-
ing audio and/or video content, and may include a satellite
or cellular radiotelephone with or without a multi-line
display; a Personal Communications System (PCS) terminal
that may combine a cellular radiotelephone with data pro-
cessing, facsimile and data communications capabilities; a
FDA that can include a radiotelephone, pager, Internet/
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intranet access, Web browser, organizer, calendar and/or a
global positioning system (GPS) receiver; a notebook or
laptop computer that includes a modem or other network
transceiver; and/or a vehicle integrated with and/or other-
wise associated with such a mobile electronic device.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the present
application and the relevant art, and will not be interpreted
in an 1dealized or overly formal sense unless expressly so
defined herein.

FIG. 1 illustrates a mobile ad hoc cooperative communi-
cation system and related devices and methods according to
some embodiments of the present invention. Referring now
to FIG. 1, mobile ad hoc cooperative communication system
100 includes a plurality of mobile electronic devices, 1llus-
trated 1n FI1G. 1 as automobiles 105a-1054d. The automobiles
105a-105d each include a wireless local area network inter-
face transceiver that 1s configured to support formation of
one or more ad hoc wireless connections 110a-110e. The
wireless local area network interface transceiver, for
example, may be provided according to a Wi-F1 standard
and/or a Bluetooth standard. In addition, one or more of the
automobiles 105a-1054 may include an infrared (IR) trans-
ceiver configured to establish the ad hoc wireless connec-
tions 110a-110d using infrared couplings. To reduce signal
interference that may occur during data transmission
between the automobiles 1054-1054d, the ad hoc wireless
connections 110a-110e may be established using different
frequencies, directional antenna arrays, and/or spread-spec-
trum techniques, such as spread-spectrum frequency hop-
ping. Such techniques are well-known 1n the art and will not
be discussed further herein.

The automobiles 105a-1054 may be configured to detect
cach other and/or one or more other mobile electronic
devices within a predetermined distance. For example, the
automobile 10% may be configured to detect and/or discover
other automobiles 1055 and 1054 within a transmission
range of 1ts wireless network transceiver based on respective
signals received from the automobiles 1055 and 1054, for
instance, using discovery techniques that are well-known 1n
the art. The automobiles 105a-1054 may also be configured
to determine relative spatial relationships between detected
ones of the automobiles 105a-1054 and/or other detected
mobile electronic devices. The spatial relationships may also
be determined based on respective signals provided by the
automobiles 105a-10354d. For example, the automobile 105a
may be configured to provide a signal, such as a radar signal,
and may determine the relative spatial positions of the
automobile 10556 and 1054 based on the signal provided by
the automobile 105q. In addition, the automobile 105a may
be configured to determine the relative spatial positions of
the automobiles 1055 and 1054 based on respective signals
provided by the automobiles 10556 and 1054. As such, the
automobiles 10%-1054d may be configured to selectively
establish the ad hoc wireless connections 110a-110e based
on the determined spatial relationships.

In addition, the automobiles 105a-1054 may be config-
ured to determine traveling vectors for the detected ones of
the automobiles 1054-1054d and/or other detected mobile
clectronic devices. For example, the automobile 1054 may
determine traveling vectors for the detected automobiles
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traveling vectors may indicate the speed, distance, direction
of movement, and/or positions of the detected automobiles
1056 and 1054 relative to the automobile 105a. More
particularly, one traveling vector may indicate that automo-
bile 10556 1s traveling in the same direction and behind
automobile 105a at 55 mph 1n the same lane 135, while
another traveling vector may indicate that automobile 1054
1s traveling 1n the same direction and behind automobile
105a at 60 mph 1 an adjacent lane 136. The automobile
105a may be configured to determine the traveling vectors
based on changes 1n received signal strength of the signals
from automobiles 1055 and 1054 and/or changes 1n per-
ceived frequency and/or wavelength of the signals (1. e.,
Doppler shift principles). In addition, the automobile 1054
may be configured to determine the traveling vectors for the
detected automobiles 1056 and/or 1054 using a directional
antenna array and/or other techniques.

Accordingly, particular data may be transmitted and/or
received between the mobile electronic devices 105a-1054
over the ad hoc wireless connections 110a-110e based on the
determined spatial relationships and/or traveling vectors.
For example, the automobile 105a may establish ad hoc
wireless connections 110a and 110c¢ with the automobiles
1056 and 105d based on the determined traveling vectors
indicating that the automobiles 1055 and 1054 are traveling
in the same direction and behind the automobile 105q.
Accordingly, in the event that the automobile 105a performs
an emergency braking maneuver (as indicated by the 1llu-
minated brake lights 130), the automobile 105a may selec-
tively transmit data, such as particular vehicle dynamics
data, to the automobiles 10% and 1054 based on their
determined spatial relationships. More particularly, the auto-
mobile 105aq may transmit braking/deceleration data to the
automobile 10556 over the ad hoc wireless connection 110q
based on the determined traveling vector indicating that
automobile 1055 1s traveling directly behind automobile
105a. In addition, the automobile 105q may transmit vehicle
stability data, such as yaw velocity, squat, dive, and/or
lane-change data, to the automobile 1054 over the ad hoc
wireless connection 110¢ based on the determined traveling
vector indicating that automobile 10% 1s traveling adjacent
to automobile 105a.

Upon receiving the data from the automobile 105a over
the ad hoc wireless connection 110a, the automobile 10554
may be configured to provide a visible and/or audible alert
signal based on the received data. More particularly, the
automobile 1056 may provide an alert signal to its driver
indicating that the automobile 1035q directly ahead 1s rapidly
decelerating. In addition, in some embodiments, the auto-
mobile 1055 may provide a control signal to alter the vehicle
speed and/or direction of travel of the automobile 1055
based on the received vehicle dynamics data from the
automobile 105a 1n order to avoid a collision. The control
signal may be provided in conjunction with radar and/or
camera based system employed by automobile 1055 1n order
to detect stationary and/or other objects which may not
provide a recognizable signal. As such, the automobile 10556
may safely avoid a collision based on the received vehicle
dynamics data from the automobile 105a. Also, the control
signal may be provided in order to ready safety systems,
such as airbags and/or seatbelt pretensioners, of the auto-
mobile 10556 1n the event that a collision 1s imminent.

Likewise, upon receiving the data from the automobile
1054 over the ad hoc wireless connection 110¢, the auto-
mobile 1054 may be configured to provide a visible and/or
audible alert signal based on the received vehicle dynamics
data. More particularly, the automobile 1054 may provide an
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alert signal to 1ts driver indicating that the automobile 105a
1s unstable and/or 1s swerving 1nto the lane 136. In addition,
the automobile 1054 may provide a control signal to alter
vehicle speed, direction of travel, and/or safety systems
associated with automobile 1054 based on the received
vehicle stability data from automobile 105a. Accordingly,
the automobile 1054 may decelerate and/or steer around
automobile 105a based on the received vehicle dynamics
data from the automobile 10354 to avoid a collision.

In other words, automobile 105a may be configured to
detect and determine the relative spatial positions of a
plurality of automobiles 1055-1054 within a predetermined
range ol automobile 1054, and may selectively establish ad
hoc wireless connections 110a and 110¢ with the automo-
biles 1055 and 1054 based on the determined spatial posi-
tions. In addition, automobile 105a may selectively transmit
particular data to automobiles 1055 and/or 1054 based on
the determined spatial relationships thereof. For example, in
order to avoid an accident, the driver of automobile 1054
may rapidly apply the brakes and/or swerve into an adjacent
lane 136. As such, automobile 10% may transmit braking
data to automobile 10556 over the ad hoc wireless connection
110a based on the determination that automobile 10556 1s
traveling behind automobile 105q 1n the same lane 635 at a
similar speed, and may transmit lane change data to auto-
mobile 1054 over the ad hoc wireless connection 110¢ based
on the determination that automobile 1054 1s traveling
behind automobile 1054 1n the adjacent lane 136 at a greater
relative speed. In addition, upon receiving the respective
data from automobile 105a, automobiles 10554 and/or 1054
may provide a visible and/or audible alert signal and/or may
provide a control signal to alter vehicle speed, direction of
travel, and/or saifety systems of the automobiles 1056 and/or
1054 to avoid a collision with automobile 150a.

Also, although not illustrated in FIG. 1, the automobile
10% may be configured to detect another automobile within
a predetermined distance and determine a traveling vector
indicating that the other automobile 1s approaching the
automobile 1054 from an opposite direction. As such, the
automobile 105a may establish an ad hoc wireless connec-
tion with the approaching automobile based on the deter-
mined traveling vector, and may transmit turn-signal data to
the approaching automobile, for example, n a situation
where the automobile 1054 1s preparing to make a left-hand
turn and/or other turn 1n a direction that may cross the path
of the approaching automobile. Upon receiving the turn
signal data, the approaching automobile may be configured
to provide an audible and/or visible alert signal to 1ts driver
and/or may provide a control signal to alter 1ts speed to avoid
a collision with the automobile 105a.

In addition, the automobiles 105a-1054 may be config-
ured to establish the plurality of ad hoc wireless connections
110a-110e to provide a cooperative cruise control function.
For example, the automobile 105a may detect the automo-
bile 1056 within a predetermined distance, and may deter-
mine a traveling vector indicating that automobile 1055 1s
traveling 1n the same lane 135 behind automobile 1054 at a
substantially similar speed. As such, automobile 10% may
establish the ad hoc wireless connection 110a with automo-
bile 1056 based on the determined spatial relationship, and
may transmit current vehicle speed data for the automobile
105a to the automobile 1056 over the ad hoc wireless
connection 110q. Similarly, the automobile 105¢ may detect
the automobile 10556 within a predetermined distance, and
may determine a traveling vector indicating that the auto-
mobile 1055 1s traveling in the same lane 1335 1n front of the
automobile 105¢. As such, the automobile 105¢ may estab-
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lish an ad hoc wireless connection 11056 with automobile
1055, and may transmit a request for vehicle speed data
associated with automobile 10556 over the ad hoc wireless
connection 1105.

Upon receiving the vehicle speed data from automobile
105a over the ad hoc wireless connection 1104, the auto-
mobile 10556 may provide a prompt asking 1ts driver whether
he would like to participate in a cooperative speed arrange-
ment with the automobile 105q. If the driver accepts, the
automobile 1056 may provide a control signal to alter the
vehicle speed of the automobile 1055 to match the speed of
the automobile 105a based on the vehicle speed data
recetved over the ad hoc wireless connection 110a. As such,
the automobile 1055 may speed up or slow down 1n order to
maintain a predetermined distance between automobile
1056 and automobile 105a. Similarly, responsive to receirv-
ing the request from the automobile 105¢ over the ad hoc
wireless connection 11056, the automobile 1055 may transmit
its vehicle speed data to the automobile 105¢ over the ad hoc
wireless connection 1105. As such, the automobile 105¢ may
provide a prompt asking 1ts driver whether she would like to
participate 1n the cooperative speed arrangement, and
responsive to recerving an acceptance from the driver, the
automobile 105¢ may alter 1ts vehicle speed to match the
vehicle speed of the automobile 1055 based on the vehicle
speed data received over the ad hoc wireless connection
1105.

The automobiles 105a, 1055, and/or 105¢ may also be
configured to maintain a suilicient distance between each
other so as to reap fuel efliciency benefits that may be
provided by reduced aerodynamic drag (1.e., a “drafting
cllect”) due to a proximity to the lead automobile 103a. For
example, the automobiles 105a, 1055, and/or 105¢ may be
configured to repeatedly transmit vehicle speed data such
that acceleration and/or deceleration of a lead automobile
may be determined by a following automobile based on the
transmitted speed data. As such, the automobiles 105a,
1055, and/or 10% may be configured to provide control
signals based on the received vehicle speed data to increase
or reduce speed to maintain a desired distance therebetween.
Also, one or more of the automobiles 105a, 10554, and/or
105¢ may include a radar-based vehicle detection system,
for example, 1 order to detect other vehicles and/or objects
that may enter the lane 135. For example, i a vehicle that
does not provide a recogmizable signal swerves 1nto the lane
135 between the automobiles 1054 and 1055, the automobile
10556 may detect the presence of the other vehicle using a

radar-based sensor, and may thereby adjust its speed in order
to avoid collision with the other vehicle.

In addition, each of the automobiles 1054-1054 may be
configured to aggregate vehicle data, such as vehicle dynam-
ics data, received from one or more of the automobiles
105a-1054 with its own data to provide aggregate vehicle
data. For example, the aggregate vehicle data may include
aggregate speed and/or distance data associated with auto-
mobiles traveling 1in the same direction. The automobiles
105a-1054 may also be configured to relay the aggregate
data between each other over the ad hoc wireless connec-
tions 110a-110e. More particularly, as shown 1n FIG. 1, the
automobile 105a may relay 1ts vehicle speed data to the
automobile 1055 over the ad hoc wireless connection 110a,
and the automobile 1055 may relay a set of speed data
including the speed of automobile 1055 as well as the speed
of automobile 105¢ to the automobile 105¢ over the ad hoc
wireless connection 11056. The automobile 10% may thereby
determine current traflic conditions ahead based on the
received aggregate speed data. For example, based on the




US 10,229,587 B2

11

aggregate speed data, automobile 105¢ may determine that
the average speed of the vehicles 105a and 1055 ahead 1s
approximately 5 mph, which may indicate significant traflic
congestion. In addition, where the aggregate speed data
includes aggregate distance data for the automobiles 105a
and 10556, the automobile 105¢ may determine a speed
and/or distance that 1t may maintain to avoid stopping and/or
heavy braking, which may provide improved fuel efliciency.

As such, mobile electronic devices, such as the automo-
biles 105a-1054 of FI1G. 1, may establish the ad hoc wireless
connections 110a-110¢ based on the determined spatial
relationships between the automobiles 105a-1054d, and may
receive and/or transmit data therebetween to provide coop-
crative benefits.

Furthermore, as shown in FIG. 1, the mobile ad hoc
cooperative communication system 100 may include a fixed
network access point 115 connected to a network 120. For
example, the fixed network access point 115 may be a
cellular base station. In other embodiments, the fixed net-
work access point 115 may be a Wi-F1 wireless access point
(WAP). The network 120 may represent a global network,
such as the Internet, or other publicly accessible network.
The network 120 may also, however, represent a wide area
network, a local area network, an Intranet, and/or other
private network, which may not be accessible by the general
public. In addition, the network 120 may represent a com-
bination of one or more wired and/or wireless public and/or
private networks and/or virtual private networks (VPN). As
such, one or more of the automobiles 105a-1054 may also
include a public land mobile network (PLMN) transceiver,
and may be configured to establish a wireless connection
with the fixed network access point 115 to access the
network 120.

More particularly, as shown in FIG. 1, the automobile
105¢ may establish a wireless connection 123 with the fixed
network access point 115. The automobile 105¢ may also be
configured to relay data between the fixed network access
point 115 and one or more of the automobiles 105a, 1055,
and/or 1054 via the ad hoc wireless connections 110a-110e
to thereby extend the range of the network 120. For example,
the automobile 1054 may be mvolved 1n an accident 1n a
remote area beyond the range of the fixed network access
point 115, and may detect and determine the relative spatial
relationship of approaching automobile 1056 within its
transmission range. The automobile 105a may thereby
establish an ad hoc wireless connection 110a with automo-
bile 1055, and may transmit an emergency signal to auto-
mobile 1055 over the ad hoc wireless connection 110a.
Responsive to receiving the emergency signal, automobile
10556, which may also be beyond the range of fixed network
access point 115, may detect and determine the relative
spatial relationship of approaching automobile 105¢, and
may establish an ad hoc wireless connection 11056 with
automobile 105¢. The automobile 1055 may thereby relay
the emergency signal from automobile 1054 to automobile
105¢ via the ad hoc wireless connection 1105. Upon receiv-
ing the emergency signal, automobile 105¢ may determine
that 1t 1s within the range of fixed network access point 115,
and as such, may establish a wireless connection 125 with
the fixed network access pomnt 115 and may relay the
emergency signal from automobile 10% to the fixed network
access point 115. The fixed network access point 115 may
then provide the emergency signal to the appropriate emer-
gency personnel via the network 120. As such, the automo-
biles 1056 and/or 105¢ may be used to extend the range of
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the network 120 to the automobile 1054 and/or other mobile
clectronic devices that are beyond the range of the fixed
network access point 115.

In addition, the automobile 105¢ may be configured to
provide 1ts location to an authorized party using the wireless
connection 125 with the fixed network access point 115.
More particularly, the automobile 105¢ may transmit an
identifying signal to the fixed network access point 115, and
as such, an approximate location of the automobile 105¢
may be determined based on the location of the fixed
network access point 115. Thus, law enforcement and/or
other authorized parties may locate the automobile 105¢
based on the known location of the fixed network access
point 115.

Also, 1n some embodiments, data to be transmitted from
automobile 105a may exceed the bandwidth provided by
any one of the ad hoc wireless connections 110a-110e. As
such, the automobile 1054 may be configured to break the
desired data into first and second portions or packets, and
may be configured to transmit the first and second packets in
parallel using the detected automobiles 1055, 105¢, and/or
1054 to provide increased transmission bandwidth. More
particularly, as shown in FIG. 1, a first packet may be
transmitted over the ad hoc wireless connection 110q to
automobile 1055, which may relay the first packet to auto-
mobile 105¢ wvia the ad hoc wireless connection 11056.
Similarly, the second data packet may be transmitted over
the ad hoc wireless connection 110¢ to automobile 1054
which may relay the second data packet to automobile 105¢
via ad hoc wireless connection 1104. The automobile 105¢
may relay the first and second data packets to the fixed
network access point 115 via the wireless connection 125.
Thus, a plurality of mobile electronic devices, such as the
automobiles 105aq-1054, may be used to provide increased
transmission bandwidth.

Although FIG. 1 illustrates an exemplary mobile ad hoc
cooperative communication system according to some
embodiments of the present invention, 1t will be understood
that some embodiments of the present mvention are not
limited to such configuration, but are intended to encompass
any configuration capable of carrying out the operations
described herein, For example, although illustrated in FIG.
1 with reference to the automobiles 105a-105d, other mobile
clectronic devices, such as laptop computers, notebook
computers, handheld computers, personal communication
systems (PCS) terminals, personal digital assistants (PDA),
pagers, and/or cellular radio telephones may be configured
to establish ad hoc wireless connections with detected
mobile electronic devices based on their determined spatial
relationships. In addition, it 1s to be understood that the
automobiles 105a-1054 may be configured to detect mobile
clectronic devices and/or determine relative spatial relation-
ships periodically and/or intermittently to dynamically
establish the ad hoc wireless connections based on changes
in positions of the automobiles 105a-1054d.

FIG. 2 1llustrates mobile ad hoc cooperative communica-
tion systems and related devices and methods according to
further embodiments of the present invention. Referring
now to FIG. 2, a mobile ad hoc cooperative communication
system 200 includes a plurality of mobile electronic devices
2054a-205d. The mobile electronic devices 205a-2054d may
be, for example, laptop computers, notebook computers,
handheld computers, personal communication systems
(PCS) terminals, personal digital assistants (PDA), pagers,
and/or radio telephones; however, the mobile electronic
devices 2054-205d need not all be 1dentical. For example,
mobile electronic devices 205aq and 205¢ may be PDAs,
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mobile electronic device 20% may be a cellular radio
telephone, and mobile electronic device 2054 may be a
laptop computer. The mobile electronic devices 205aq-205d4
may each include a wireless local area network interface
transceiver that 1s configured to support formation of an ad
hoc wireless local area network, and as such, may be
configured to establish a plurality or ad hoe wireless con-
nections 210a-210e between the mobile electronic devices
205a-205d. The plurality of ad hoc wireless connections
210a-210e may be a Bluetooth, Wi-Fi1, and/or infrared (IR)
couplings, as discussed above with reference to FIG. 1. In
addition, one or more of the mobile electronic devices
205a-205d may be associated and/or integrated with other
mobile electronic devices, such as the automobiles 1054-
1054 of FIG. 1.

Accordingly, using the respective wireless local area
network transceivers, each of the mobile electronic devices
205a-2054 may be configured to detect other ones of the
mobile electronic devices 205q-2054 within a predeter-
mined distance. In addition, the mobile electronic devices
205a-2054d may be configured to determine relative spatial
relationships between the mobile electronic devices 205a-
205d. For example, the mobile electronic device 205aq may
be configured to discover the mobile electronic devices
205b-205d and determine relative spatial relationships based
on respective signals provided by the mobile electronic
devices 2055-2054. More particularly, the mobile electronic
device 205q may include a directional antenna array, and as
such, may determine the spatial relationships of the devices
2055-2035d relative to the mobile electronic device 205a
based on the signals received at the directional antenna array
and/or the received signal strength of the signals. In addi-
tion, where one or more of the mobile electronic devices
205a-205d are 1n motion, traveling vectors for the mobile
clectronic devices 2054-2054d may be determined, for
example, based on changes 1n perceived frequency and/or
wavelength of the received signal, 1.e., using Doppler shift
principles.

As such, the mobile electronic devices 205a-2054 may be
configured Lo establish the ad hoc wireless connections
210a-210¢ based on the determined spatial relationships,
and may be configured to transmit and/or receive particular
data to and/or from particular devices based on the deter-
mined spatial relationships. For example, the mobile elec-
tronic device 2054 may wish to communicate with a desti-
nation device 240 that 1s beyond the transmission range of
the mobile electronic device 2054. As such, the mobile
clectronic device 205a may detect mobile electronic devices
2050 and 2054 within its transmission range, and may
determine that both mobile electronic devices 20556 and
2054 are closer to the location of the destination device 240
than the mobile electronic device 205a. However, the mobile
clectronic device 2054 may also determine that the mobile
clectronic device 2055 1s physically closer to the location of
the destination device 240 than the mobile electronic device
205d4. As such, the mobile electronic device 2054 may
establish an ad hoc wireless connection 210a with the
mobile electronic device 20556 based on 1ts determined
spatial relationship, and may transmit the desired data (in-
cluding addressing information for the destination device
240) to the mobile electronic device 2055 over the ad hoc
wireless connection 210a.

Responsive to receiving the data from the mobile elec-
tronic device 205a via the ad hoc wireless connection 2104,
mobile electronic device 2055 may detect mobile electronic
devices 2054 and 205¢ within a predetermined distance, and
may determine that the relative spatial position of the mobile
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clectronic device 205¢ 1s closer to the location of the
destination device 240 (as specified by the addressing infor-
mation in the recerved data) than the mobile electronic
device 205d. As such, mobile electronic device 20556 may
establish an ad hoc wireless connection 21056 with mobile
clectronic device 205¢ based on the determined spatial
relationship. In other words, mobile electronic device 203556
may be * configured to dynamically route received data
based on the determined spatial relationships of the detected
mobile electronic devices 205¢ and 2054 relative to the
location of the specified destination device 240. As such, the
mobile electronic device 20556 may be configured to relay
the data from mobile electronic device 205a to mobile
clectronic device 205¢ over the ad hoc wireless connection
21056. Upon receiving the data (including the addressing
information for the destination device 240) from the mobile
clectronic device 2055 over the ad hoc wireless connection
2105, the mobile electronic device 205¢ may determine that
the destination device 240 1s within its transmission range.
Thus, the mobile electronic device 205¢ may establish an ad
hoc wireless connection 210e with destination device 240,
and may relay the data from mobile electronic device 205q
to the destination device 240.

However, 1n some embodiments, the mobile electronic
device 2051, may be configured to determine the next ad hoc
wireless connection based on other characteristics of the
detected mobile electronic devices 20% and/or 205d. For
example, 1I more of the resources of the mobile electronic
device 205¢ are currently in use than those of the mobile
electronic device 205d, the mobile electronic device 20556
may select the mobile electronic device 2054 as the next-hop
participant. In other words, the mobile electronic device
2056 may dynamically route the data to the mobile elec-
tronic device 2054 based on 1ts status as having a least-busy
receiver in comparison to mobile electronic device 20%.
Also, 1n some embodiments, the mobile electronic device
2035b may be configured to determine a next-hop participant
based on the determined spatial relationships indicating that
the mobile electronic device 205¢ 1s a “leg” in a predeter-
mined path, such as an organized virtual tributary.

In addition, as further illustrated in FIG. 2, the mobile ad
hoc cooperative communication system 200 may also
include a fixed network access point 2135 and network 220.
For example, the fixed network access point 215 may be a
cellular base station, a Wi-F1 access point, and/or other fixed
network access point. The network 220 may represent a
global network, such as the Internet, or other publicly
accessible network. The network 220 may also, however,
represent a wide area network, a local area network, an
Intranet, and/or other private network, which may not be
accessible by the general public. In addition, the network
220 may represent a combination of one or more wired
and/or wireless public and/or private networks and/or virtual
private networks (VPN). As such, in some embodiments, the
mobile electronic device 2054 may be configured to estab-
lish a wireless connection 223 with the fixed network access
point 215, and may thereby relay data between the fixed
network access point 215 and other mobile electronic
devices, such as mobile electronic device 205¢, over the ad
hoc wireless connections 210a and 2104. In other words, the
mobile electronic devices 205q and 2055 may be used to
extend the network 220 to the mobile electronic device 205¢
and/or other mobile electronic devices that are beyond the
range of the fixed network access point 215.

Also, 1n some embodiments, the data to be transmitted to
mobile electronic device 20% may exceed the bandwidth
provided by any one of the ad hoc wireless connections
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210a-210¢e. As such, the mobile electronic device 205a may
be configured to establish ad hoc wireless connections 2104
and 210¢ with mobile electronic devices 2055 and 2054
based on their determined spatial relationship relative to
mobile electronic device 205¢. As such, the mobile elec-
tronic device 205q may transmit a {irst data packet corre-
sponding to a portion of the data file to mobile electronic
device 2055 via ad hoc wireless connection 210a. Similarly,
mobile electronic device 205a may transmit a second data
packet corresponding to a portion of the data file to mobile
electronic device 2054 via ad hoc wireless connection 210c.
Accordingly, the mobile electronic devices 2055 and 2054
may respectively transmit the first and second data packets
to mobile electronic device 205¢ via ad hoc wireless con-
nections 2105 and 2104d. In other words, the first and second
data packets may be transmitted in parallel via ad hoc
wireless connections 210a and 21056 and via ad hoc wireless
connections 210¢ and 210d to provide increased transmis-
sion bandwidth. Accordingly, each of the mobile electronic
devices 205a-2054 may add capacity LO the network 220.
In other words, the effective bandwidth that 1s available in
the mobile ad hoc cooperative communication system 200
may be increased as the number of mobile electronic devices
increase, by employing the mobile electronic devices as
extensions of the network 220.

Furthermore, still referring to FIG. 2, the mobile elec-
tronic device 205a may be configured to selectively estab-
lish a wireless connection 223 with the fixed network access
point 215 or establish an ad hoc wireless connection with
one of the mobile electronic devices 205a-2054 based on
current network conditions and/or other factors. For
example, 1n some embodiments, the mobile electronic
device 205q may wish to communicate with a destination
device 240 that 1s beyond the transmission range of the
mobile electronic device 20%. As such, the mobile elec-
tronic device 205a may establish a wireless connection 225
with fixed network access point 215, and as such, may
access the destination device 240 via the network 220.
However, 11 a relatively large number of mobile electronic
devices are attempting to access the network 220 via the
fixed network access point 215, it may be diflicult for the
mobile electronic device 205a to establish the wireless
connection 225 with the fixed network access point 215.
Under such conditions, the mobile electronic device 2054
may be configured to establish the ad hoc wireless connec-
tions 210a-210e with one or more other mobile electronic
devices, as described above, to access the destination device
240.

For example, the user of the mobile electronic device
2054 may be 1n an area having a relatively high concentra-
tion of mobile electronic devices, such as a traflic jam, and
may wish to access a destination device 240 coupled to a
home network, for example, to preheat an oven, adjust a
thermostat, etc. However, the user of the mobile electronic
device 205a may be unable to access the fixed network
access point 215 due to the number of other mobile elec-
tronic devices 1n the immediate area currently accessing the
fixed network access point 215. As such, the mobile elec-
tronic device 205a may detect and determine spatial rela-
tionships of mobile electronic devices 20355 and 2034 rela-
tive to the location of the destination device 240, and may
selectively establish an ad hoc wireless connection with the
mobile electronic device 2055, as described above. The
mobile electronic device 205q may thereby transmit a con-
trol signal over the ad hoc wireless connection 210a to
mobile electronic device 2055, which may relay the control
signal to the destination device 240 via the mobile electronic

10

15

20

25

30

35

40

45

50

55

60

65

16

device 205¢ using ad hoc wireless connections 2106 and
210e. The mobile electronic device 205 may also be
configured to selectively establish the wireless connection
225 with the fixed network access point 2135 or the ad hoc
wireless connection 210a with the mobile electronic device
205H based on other factors, such as power consumption
when remaining battery life 1s low and/or when beyond the
transmission range of the fixed network access point 215.

In addition, one or more of the mobile electronic devices
2054-2054d may be configured to selectively establish a
wireless connection using the wireless local area network
transceiver or the PLMN transceiver based on current net-
work conditions and/or other factors. For example, where a
number of mobile electronic devices are attempting to
establish wireless connections with a cellular base station,
the mobile electronic device 205a may automatically estab-
lish an ad hoc wireless connection with a fixed Wi-Fi access
point and/or one or more other mobile electronic devices to
establish a connection to the destination device 240. In other
words, the mobile electronic devices 205a-2054 may be
multi-network adaptive devices configured to automatically
select between the use of ad hoc or cellular wireless con-
nections depending on the current network conditions, avail-
ability, reliability, convenience, and/or other factors.

Although FIG. 2 illustrates an exemplary mobile ad hoc
cooperative communication system according to some
embodiments of the present invention, 1t will be understood
that embodiments of the present invention are not limited to
such a configuration, but are intended to encompass any
configuration capable of carrying out the operations
described herein. For example, although the destination
device 240 1s 1llustrated as a fixed device having a wireline
connection the network 220, 1t 1s to be understood that the
destination device 240 may also be a mobile electronic
device, such as the mobile electronic devices 205a-2054d,
and may thus communicate with the network 220 wvia a
wireless connection. In addition, although illustrated as
laptops, PDAs, and cellular telephones, it 1s to be understood
that the mobile electronic devices 205a-2054d may be inte-
grated 1nto and/or otherwise associated with other mobile
clectronic devices, such as automobiles, planes, tanks, heli-
copters, and/or other vehicles. For example, the mobile
clectronic devices 2054-2054 may be carried within respec-
tive ones of the automobiles 1054-1054 of FIG. 1, and may
be configured to iterface and/or communicate with the
clectronic systems of the respective automobiles 105aq-1054
in some embodiments of the present invention.

FIG. 3 illustrates embodiments of a mobile electronic
device 300 according to some embodiments of the present
invention. In some embodiments, the mobile electronic
device 300 may correspond to one of the automobiles
105a-1054 of FIG. 1 and/or one of the mobile electronic
devices 205a-205d of FIG. 2. As shown in FIG. 3, the
mobile electronic device 300 includes a wireless transceiver
335 coupled to an antenna 365, a controller 340, a memory
330, a speaker 338, and a user interface 355. Depending on
the functionalities offered by the mobile electronic device
300, the user interface 355 may include a microphone 330,
a display 310, a joystick 370, a keyboard/keypad 305, a
touch sensitive display 360, a dial 375, navigation keys 380,
and/or a pointing device 3835 (such as a mouse, trackball,
touchpad, etc.). However, additional and/or fewer elements
of the user interface 355 may actually be provided. For
example, 1n an automobile user interface, the touch sensitive
display 360 may be provided 1n place of a keypad 305, a
pointing device 383.
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The transceiver 335 includes a transmitter 350 and a
receiver 345. The transceiver 335 includes a wireless local
area network interface transceiver configured to establish an
ad hoc wireless connection, such as a Bluetooth, Wi-Fi,
and/or IR connection, to at least one other mobile electronic
device based on a determined spatial relationship between
the mobile electronic device 300 and the other mobile
clectronic device. In addition, the transceiver 335 may also
include a PLMN transceiver configured to establish a wire-
less connection with a fixed network access point, such as a
cellular base station or a Wi-F1 hotspot. While a single
antenna 365 1s 1illustrated i FIG. 3 by way of example,
separate antennas may be provided for the wireless network
interface transceiver and/or the PLMN transceiver. Alterna-
tively, multiple antennas may be shared by the PLMN
transceiver and the wireless network interface transceiver,
and/or multiple antennas may be provided for one or both of
the PLMN transceiver and wireless network interface trans-
ceiver. In some embodiments, the antenna 365 may be a
directional antenna array configured to be used to determine
a relative spatial relationship between the mobile electronic
device 300 and one or more other mobile electronic devices,
as will be discussed in greater detail below.

Still referring to FIG. 3, the controller 340 1s coupled to
the transceiver 335, the memory 330, the speaker 338, and
the user interface 355. The controller 340 may be, for
example, a commercially available or custom microproces-
sor that 1s configured to coordinate and manage operations
of the transceiver 335, the memory 330, the speaker 338, and
the user interface 355. As such, the controller 340 may be
configured to detect at least one other mobile electronic
device within a predetermined distance of the mobile elec-
tronic device 300. For example, the controller 340 may be
configured to detect the other mobile electronic device based
on a signal received from the other mobile electronic device
via the transcerver 3335, for mstance, using known discovery
techniques.

In addition, the controller 340 may be configured to
determine a spatial relationship of the detected mobile
clectronic device relative to the mobile electronic device
300. For mstance, the controller 340 may be configured to
determine the spatial relationship based on the signal pro-
vided by the other mobile electronic device using a direc-
tional antenna array, such as the antenna 365. Also, in some
embodiments, the controller 340 may be configured to
determine a traveling vector including speed, distance,
direction of movement, and/or relative positional informa-
tion for the other mobile electronic device based on the
signal provided thereifrom. The controller 340 may be con-
figured to determine the traveling vector based on, for
example, changes 1n a received signal strength of the signal,
changes 1n perceived frequency and/or wavelength of the
signal (1.e., Doppler shift principles), and/or using a direc-
tional antenna array.

Accordingly, based on the determined spatial relationship,
the transcerver 335 may be configured to establish an ad hoc
wireless connection with the other mobile device, and may
be configured to transmit and/or receive particular data over
the ad hoc wireless connection based on the determined
spatial relationship. For example, where the mobile elec-
tronic device 300 1s integrated and/or otherwise associated
with a vehicle, such as one of the automobiles 1054-1054 of
FIG. 1, the transceiver 335 may be configured to transmuit
particular vehicle dynamics data to other vehicles within a
predetermined distance of the mobile electronic device 300
over respective ad hoc wireless connections based 011 their
determined spatial relationships and/or traveling vectors.
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More particularly, the transceiver 335 may transmit braking
data to a vehicle traveling behind the mobile electronic
device 300 1n a same direction, and may transmit lane-
change data to a vehicle traveling adjacent the mobile
clectronic device 300. In addition, the transceiver 335 may
be configured to transmit vehicle speed data to one or more
other vehicles, which may be used to provide a cooperative
cruise control arrangement, improved fuel efliciency, and/or
to mdicate trathic conditions and/or congestion.

Similarly, the transceiver 335 may be configured to
receive vehicle dynamics data from one or more vehicles
within a predetermined distance of the mobile electronic
device 300 over respective ad hoc wireless connections
based on the relative spatial relationship of the mobile
clectronic device 300 to the other vehicles. The mobile
clectronic device 300 may provide an indication of the
received vehicle dynamics data to a user via the user
interface 355. For example, responsive to recerving emer-
gency braking data via the transceirver 335 from a vehicle
traveling 1n front of the mobile electronic device 300, the
controller 340 may provide a visible and/or audible alert
signal via the user mterface 355 and/or the speaker 338.

In addition, 1n some embodiments, the mobile electronic
device 300 may include a vehicle interface 307. As such, the
controller 340 may be configured to provide a control signal
to alter vehicle speed, direction of travel, and/or safety
systems via the vehicle interface 307 based on the vehicle
dynamics data receirved via the transceiver 335 to avoid a
collision. In addition, the controller 340 may be configured
to provide a control signal via the vehicle interface 307 to
alter vehicle speed to provide a cooperative cruise control
function based on vehicle speed data received from one or
more other vehicles via the transceiver 335. The controller
340 may also be configured to provide vehicle control
signals using the vehicle mterface 307 in conjunction with
radar- and/or camera-based vehicle systems to detect sta-
tionary and/or other objects to avoid a collision therewith.
Furthermore, the controller 340 may be configured to aggre-
gate and/or average vehicle data for one or more vehicles
received via the transceiver 335, which may be used to
indicate traflic congestion ahead and/or to determine a
vehicle speed to avoid heavy braking based on the aggregate
vehicle data, which may thereby provide improved fuel
eiliciency.

Still referring to FIG. 3, the mobile electronic device 300
may also be configured to relay data received via the
receiver 345 to one or more other mobile electronic devices
based on their determined spatial relationships. For example,
the mobile electronic device 300 may receive data including
addressing information for a destination device via the
transceiver 335, and the controller 340 may be configured to
forward the recerved data to one or more other mobile
clectronic devices by establishing one or more ad hoc
wireless connections with the mobile electronic devices
based on their determined spatial relationships relative to the
location of the destination device specified by the addressing
information 1n the received data. In other words, the con-
troller 340 may be configured to dynamically route received
data to a destination device based on the relative positions
and/or traveling vectors of other mobile electronic devices
within the transmission range of the transceiver 335. For
example, the controller 340 may be configured to establish
a next ad hoc wireless connection with a mobile electronic
device based on the position of the device relative to both the
electronic device 300 and to the location of the destination
device. The next ad hoc wireless connection may be estab-
lished with a device furthest from the mobile electronic
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device 300 to reduce and/or minimize the number of ad hoc
wireless connections (or “hops”) that may be required to
relay the data to the destination device. In addition and/or
alternatively, the controller 340 may be configured to deter-
mine the next ad hoc wireless connection based on which of
the mobile electronic devices within the range of the trans-
ceiver 335 has a least busy receiver, and/or based on the
determined spatial relationships indicating that a particular
mobile electronic device 1s to be used as a “leg” mn a
predetermined path.

Also, the mobile electronic device 300 may be configured
to establish a wireless connection with a fixed network
access point, such as a cellular base station and/or a Wi-Fi
“hotspot”. For example, the controller 340 may be config-
ured to automatically establish a wireless connection with
either a cellular base station or a Wi-Fi1 access point based on
current network congestion conditions. In addition, the
mobile electronic device 300 may be configured to relay
data between the fixed network access point and one or more
other mobile electronic devices over respective ad hoc
wireless connections established based on the relative spatial
positions of the other mobile electronic devices. As such, the
mobile electronic device 300 may be configured to extend a
fixed network, for example, to vehicles and/or other mobile
devices that may be beyond the range of a fixed network
access point. For instance, a vehicle mnvolved 1n an accident
in a remote area may relay an emergency signal to the fixed
network access point via the mobile electronic device 300
and/or other mobile electronic devices, such as. In addition,
the mobile electronic device 300 may be configured to
access a destination device using a wireless connection with
the fixed network access point and/or ad hoc wireless
connections with one or more other mobile electronic
devices, for example, based on current network conditions,
power consumption, reliability, convenience, and/or other
factors.

Moreover, by using the mobile electronic device 300 as a
relay, the mobile electronic device 300 may be configured to
add capacity to a fixed and/or mobile ad hoc network. For
example, 1 conjunction with other mobile electronic
devices, the mobile electronic device 300 may be configured
to recerve data via the recerver 345 and transmit the recerved
data via the transmitter 350 to other devices to provide
and/or maintain data transmission speeds even when beyond
the range of one or more fixed network access points.
Accordingly, the effective bandwidth 1n a wireless network
may be increased as the number ol users increase by
employing the mobile electromic device 300 and other
mobile electronic devices as extensions of the network.

Although FIG. 3 illustrates an exemplary mobile elec-
tronic device that may be used 1n mobile ad hoc cooperative
networks according to some embodiments of the present
invention, 1t will be understood that embodiments of the
present invention are not limited to such a configuration, but
are mtended to encompass any configuration capable of
carrying out the operations described herein. For example,
although the memory 330 1s 1llustrated as a separate com-
ponent from the controller 340, the memory 330 or portions
thereol may be considered as part of the controller 340.
More generally, while particularly functionalities are shown
in particular blocks by way of illustration, functionalities of
different blocks and/or portions thereof may be combined,
divided, and/or eliminated.

FIG. 4 1s a flowchart illustrating exemplary operations
that may be performed by a mobile electronic device, such
as the mobile electronic device 300 of FIG. 3, to provide
mobile ad hoc cooperative communication systems accord-

5

10

15

20

25

30

35

40

45

50

55

60

65

20

ing to some embodiments of the present invention. Referring
now to FIG. 4, operations begin at Block 400 when a second
mobile electronic device 1s detected within predetermined
distance of a first mobile electronic device. For example, the
first mobile electronic device may discover the second
mobile electronic device based on a signal or beacon pro-
vided by the second mobile electronic device. Such discov-
ery techniques are well known 1n the art and will not be
discussed further herein. At Block 410, a spatial relationship
of the second mobile electronic device relative to the first
mobile electronic device 1s determined. The spatial relation-
ship may also be determined based on a signal provided by
the second mobile electronic device, for example, using a
received signal strength of the signal and/or using a direc-
tional antenna array. In addition, a traveling vector for the
second mobile electronic device, including speed, distance,
direction of movement, and/or position of the second mobile
clectronic device relative to the first mobile electronic
device, may be determined based on the signal provided
from the second mobile electronic device. For example, 1n
some embodiments, changes 1n perceived frequency and/or
wavelength of the received signal (i.e., Doppler shift prin-
ciples) may be used to determine a traveling vector for the
second mobile electronic device. However, in other embodi-
ments, the spatial relationship and/or traveling vector of the
second mobile electronic device may be determined based
on a signal provided by the first mobile electronic device, for
example, using radar principles.

Still referring to FIG. 4, an ad hoc wireless connection 1s
established with the second mobile electronic device based
on the determined spatial relationship at Block 420. As such,
particular data may be transmitted to and/or received from
the second mobile electronic device based on its relative
position to the first mobile electronic device. For example,
where the first and second mobile electronic devices are
integrated and/or associated with respective vehicles,
vehicle braking data may be transmitted from the first
mobile electronic device to the second mobile electronic
device over the ad hoc wireless connection when the deter-
mined spatial relationship indicates that the second mobile
clectronic device 1s traveling behind the first mobile elec-
tronic device 1n a same direction. On the other hand, when
the determined spatial relationship indicates that the second
mobile electronic device 1s traveling next to the first mobile
clectronic device 1n an adjacent lane, steering and/or lane
change data for the vehicle associated with the first mobile
clectronic device may be transmitted to the second mobile
clectronic device over the ad hoc wireless connection based
on the determined spatial relationship. In addition, the ad
hoc wireless connection may be established with the second
mobile electronic device based on the spatial relationship of
the second mobile electronic device relative to a destination
device. As such, the second mobile electronic device may be
used to relay data from the first mobile electronic device
provided over the ad hoc wireless connection to the desti-
nation device.

FIG. 5 1s a flowchart illustrating exemplary operations
that may be performed by a mobile electronic device inte-
grated and/or associated with a vehicle, such as one of the
automobiles 105a-105d of FIG. 1, to provide mobile ad hoc
cooperative communication systems according to further
embodiments of the present invention. Referring now to
FIG. 5, operations begin when one or more vehicles are
detected within a predetermined distance of a first vehicle at
Block 5035. The vehicles may be detected, for example,
based on signals provided by the respective vehicles and/or
based on a signal provided by the first vehicle, such as a
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radar signal. At Block 510, traveling vectors are determined
tor the detected vehicles. The traveling vectors may indicate
the speed, distance, direction of movement, and/or positions
of the detected vehicles relative to the first vehicle. The
traveling vectors may be determined based on changes in
received signal strength of the signals provided by the
vehicles, changes 1n perceived frequency and/or wavelength
of the signals provided by the vehicles, and/or using a
directional antenna array. Based on the determined traveling
vectors, ad hoc wireless connections are established with
one or more of the detected vehicles. More particularly, a
first ad hoc wireless connection 1s established with a lead 1
vehicle traveling ahead of the first vehicle at Block 514, and
a second ad hoc wireless connection 1s established with a
tollowing vehicle traveling behind the first vehicle at Block
516. As such, the first vehicle may be between the lead
vehicle and the following vehicle. Accordingly, vehicle data
may be transmitted between the three vehicles to provide
cooperative benelits to all of the vehicles.

More particularly, at Block 520, vehicle dynamics data
associated with the lead vehicle 1s received over the first ad
hoc wireless connection based on the determined traveling
vector. For example, based on the position of the first vehicle
behind the lead vehicle, braking and/or stability data for the
lead vehicle may be received over the ad hoc wireless
connection, which may be used by the first vehicle to avoid
collision with the lead vehicle. In addition, vehicle speed
data associated with the lead vehicle may be received over
the first ad hoc wireless connection, for example, for use 1n
improved gas efliciency and/or a cooperative cruise control
tfunction. At Block 525, a control signal 1s provided to alter
speed, direction of travel, and/or safety systems of the first
vehicle based on the vehicle dynamics data associated with
the lead vehicle received over the first ad hoc wireless
connection. For example, 11 the received vehicle dynamics
data 1ndicates heavy and/or emergency braking by the lead
vehicle, a control signal may be provided to apply the brakes
of the first vehicle to avoid a collision with the lead vehicle.
Also, a control signal may be provided to alter the steering
of the first vehicle to steer around the lead vehicle, and/or a
control signal may be provided to activate the seatbelt
pretensioners in the first vehicle 1n anticipation of a collision
with the lead vehicle. In addition, speed data received from
the lead vehicle may be used to provide a cooperative cruise
control function. More particularly, based on the vehicle
speed data for the lead vehicle, a control signal may be
provided to alter the vehicle speed of the first vehicle to
match the vehicle speed of the lead vehicle and/or to
maintain a predetermined distance between the first vehicle
and lead vehicle. Depending on the predetermined distance,
the first vehicle may benefit from 1improved fuel efliciency,
for example, based on a “drafting eflect” with the lead
vehicle.

At Block 530, vehicle dynamics data associated with the
lead vehicle and/or vehicle dynamics data associated with
the first vehicle 1s transmitted to the following vehicle over
the second ad hoc wireless connection. For example, vehicle
speed data associated with the first vehicle may be trans-
mitted to the following vehicle over the second ad hoc
wireless connection so that the following vehicle may match
the vehicle speed of the first vehicle to participate 1n the
cooperative cruise control arrangement. In addition, the
transmitted vehicle dynamics data may be aggregate data
including the vehicle speeds of the first vehicle, the lead
vehicle, and/or other vehicles. As such, the vehicle speed
data received from the lead vehicle at Block 520 may be
aggregated with the vehicle speed data associated with the
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first vehicle, and the aggregate speed data may be relayed to
the following vehicle over the second ad hoc wireless
connection at Block 530. For example, the aggregate speed
data may be used to indicate traflic congestion based on the
set of vehicle speeds included theremn. In addition, the
aggregate speed data may be used to determine a constant
speed that the following vehicle may maintain to reduce
and/or avoid heavy braking, which may also provide
improved fuel efliciency for the following vehicle. Further-
more, emergency and/or accident information may be
received from the lead vehicle over the first ad hoc wireless
connection at Block 520, and the emergency and/or accident
information may be relayed from the first vehicle to the
following vehicle over the second ad hoc wireless connec-
tion at Block 530. Similarly, the emergency and/or accident
information may be relayed to one or more other vehicles
and/or fixed network access points to provide the emergency
and/or accident information to the appropriate law enforce-
ment and/or emergency personnel. As such, cooperative
benelits may be provided to a plurality of vehicles by
establishing ad hoc wireless connections between the
vehicles based on their relative spatial relationships.

The flowcharts of FIGS. 4 and 5 1llustrate the architecture,
functionality, and operations of some embodiments of
mobile ad hoc cooperative communication systems accord-
ing to some embodiments of the present invention. In this
regard, each Block may represent a module, segment, or a
portion of code, which may comprise one or more execut-
able mstruction for implementing the specified logical tunc-
tions. It should also be noted that 1n other implementations,
the Tunctions noted 1n the Blocks may occur out of the order
noted 1n FIGS. 4 and 5. For example, two Blocks shown in
succession may, 1n fact, be executed substantially concur-
rently, or the Blocks may be sometimes executed in the
reverse order, depending on the functionality involved.
Accordingly, some embodiments of the present invention
provide methods and devices for determining a spatial
relationship between mobile electronic devices and estab-
lishing an ad hoc wireless connection between the mobile
clectronic devices based on the determined spatial relation-
ship. As such, information may be cooperatively transmit-
ted, received, and/or relayed between mobile electronic
devices based on the relative spatial relationships between
the mobile electronic devices to benefit one or more of the
devices. In the drawings and specification, there have been
disclosed exemplary embodiments of the invention, and
although specific terms are used, they are used 1n a generic
and descriptive sense only and not for purposes of limitation,
the scope of the invention being defined by the following
claims.

That which 1s claimed:

1. A first device comprising:

a processor; and

memory communicatively connected with the processor,

the memory comprising executable instructions that
when executed by the processor cause the processor to
cilectuate operations comprising:
establishing an ad hoc wireless connection with a
second device;
receiving, via the ad hoc wireless connection, informa-
tion pertamning to a vehicle associated with the
second device, wherein the information comprises
data of spatial relationships associated with a vehicle
associated with the first device and the vehicle
assoclated with the second device:
based on the information, determining a distance,
speed, and position between the vehicle associated
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with the first device and the vehicle associated with
the second device that determines the vehicle asso-
ciated with the second device 1s moving at a greater
speed than the vehicle associated with the first device
and the vehicle associated with the second device 1s
in a lane adjacent to the vehicle associated with the
first; and

based on the determining step, providing instructions to
transmit lane change data of the vehicle associated

with the first device to the vehicle associated with the
second device.

2. The first device of claim 1, wherein the information
turther comprises speed data of a plurality of devices that
comprise the first device and the second device, wherein the
first device and the second device are mobile phones.

3. The first device of claim 1, the operations further
comprising;

receiving, via the ad hoc wireless connection, data from

the second device, wherein content of the data 1s based
upon the spatial relationship.

4. The first device of claim 1, the operations further
comprising;

altering at least one of vehicle speed, direction of travel,

or a safety system of a vehicle associated with the first
device based on the received information.

5. The first device of claim 1, the operations further
comprising:

transmitting, via the ad hoc wireless connection, emer-

gency data for a vehicle associated with the first device
to the second device, wherein the transmitting of the
emergency data 1s based on involvement 1n an accident
of the vehicle associated with the first device.

6. The first device of claim 1, the operations further
comprising;

transmitting to the second device, via the ad hoc wireless

connection, at least one of breaking or deceleration data
for a vehicle associated with the second device.

7. The first device of claim 1, the operations further
comprising:

detecting a third device within the predetermined dis-

tance;

determining a second spatial relationship of the third

device relative to the first device; and

establishing a second ad hoc wireless connection with the

third device rather than with the second device, based
on the second spatial relationship.

8. A method comprising:

establishing, by a first device, an ad hoc wireless connec-

tion with a second device:

receiving, via the ad hoc wireless connection, information

pertaimning to a vehicle associated with the second
device, wheremn the information comprises data of
spatial relationships associated with a vehicle associ-
ated with the first device and the vehicle associated
with the second device;

based on the information, determining a distance, speed,

and position between the vehicle associated with the
first device and the vehicle associated with the second
device that determines the vehicle associated with the
second device 1s moving at a greater speed than the
vehicle associated with the first device and the vehicle
associated with the second device 1s 1n a lane adjacent
to the vehicle associated with the first; and

based on the determining step, transmitting lane change

data of the vehicle associated with the first device to the
vehicle associated with the second device.
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9. The method of claim 8, further comprising;:

providing, via the ad hoc wireless connection, data to the
second device, wherein content of the data 1s based
upon the spatial relationship.

10. The method of claim 8, further comprising:

recerving, via the ad hoc wireless connection, data from
the second device, wherein content of the data 1s based
upon the spatial relationship.

11. The method of claim 8, further comprising:

altering at least one of vehicle speed, direction of travel,
or a safety system of a vehicle associated with the first
device based on the received information.

12. The method of claim 8, further comprising;:

transmitting, via the ad hoc wireless connection, emer-
gency data for a vehicle associated with the first device
to the second device, 1n which a motion vector indicates
that the second device 1s approaching the first device.

13. The method of claim 8, further comprising:

transmitting to the second device, via the ad hoc wireless

connection, at least one of breaking or deceleration data
for a vehicle associated with the second device, 1n
which a motion vector indicates that the second device
1s traveling behind the first device and 1 a same
direction as the first device.

14. The method of claim 8, further comprising:

detecting a third device within the predetermined dis-

tance;

determiming a second spatial relationship of the third

device relative to the first device; and

establishing a second ad hoc wireless connection with the

third device rather than with the second device, based
on the second spatial relationship.

15. A tangible computer readable storage medium that 1s
not a propagating signal, the computer readable storage
medium comprising executable instructions that when
executed by a processor cause the processor to elflectuate
operations comprising;:

establishing, by a first device, an ad hoc wireless connec-

tion with a second device:

receiving, via the ad hoc wireless connection, information

pertaining to a vehicle associated with the second
device, wherein the information comprises data of
spatial relationships associated with a vehicle associ-
ated with the first device and the vehicle associated
with the second device;

based on the mformation, determining a distance, speed.,

and position between the vehicle associated with the
first device and the vehicle associated with the second
device that determines the vehicle associated with the
second device 1s moving at a greater speed than the
vehicle associated with the first device and the vehicle
associated with the second device 1s 1n a lane adjacent
to the vehicle associated with the first; and

based on the determinming step, providing instructions to

transmit lane change data of the vehicle associated with
the first device to the vehicle associated with the second
device.

16. The tangible computer readable storage medium of
claim 15, the operations further comprising:

providing, via the ad hoc wireless connection, data to the

second device, wherein content of the data 1s based
upon the spatial relationship.

17. The tangible computer readable storage medium of
claim 15, the operations further comprising:

recerving, via the ad hoc wireless connection, data from

the second device, wherein content of the data 1s based
upon the spatial relationship.




US 10,229,587 B2

25

18. The tangible computer readable storage medium of
claim 15, the operations further comprising:
altering at least one of vehicle speed, direction of travel,
or a safety system of a vehicle associated with the first
device based on the received information. 5
19. The tangible computer readable storage medium of
claim 15, the operations further comprising:
transmitting, via the ad hoc wireless connection, emer-
gency data for a vehicle associated with the first device
to the second device, 1n which a motion vector indicates 10
that the second device i1s approaching the first device.
20. The tangible computer readable storage medium of
claim 15, the operations further comprising:
transmitting to the second device, via the ad hoc wireless
connection, at least one of breaking or deceleration data 15
for a vehicle associated with the second device, 1n
which a motion vector indicates that the second device
1s traveling behind the first device and 1 a same
direction as the first device.
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